The knowledge of the ionization energies (IE) of the four nitrogenous bases of DNA is crucial in understanding the DNA damage processes. So far, both theoretical and experimental results show that guanine has the least IE [J. Phys. Chem. Chem. Phys., 2014,15, 13833-13837]. But even though the measured IEs seemed to be consistent with the calculated ones, they are not in good agreement. The disagreements might be due to the fact that the IE depends on the location of the leaving electron and its electronic environment. Besides, the calculations of the ionization energies of a molecular ion need the consideration of all directions that are indispensable to define the geometry of the molecule. Another factor which was often obscure when investigating these IEs is the effect of the geometry transition from the relaxed neutral to the relaxed cation. In this study, we considered a relaxed neutral nitrogenous base, which is also assumed to be the geometry of the cation right after its formation. Each single atom of the neutral base (as well as each single atom of the cation) is considered as a site of the departing electron and the corresponding potential curves are calculated in all three directions (x, y, z) using the density functional theory and assuming that all other atoms are frozen during the ionization. Thus, this method of calculations of IE is an all-direction survey of the IEs of the DNA nitrogenous bases. It is different from the standard ones that lead to either vertical IE or adiabatic IE. It gives access to the potential energy surfaces and IEs that are in good agreement with some measurements. The results are reported and discussed in this presentation.
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The Role of Inter-Nucleobase Coulombic Decay in the Photoionization of DNA Abraham C. Duot, Justin Lyu, David Rivas, Michael Andrianarijaona. Computer Science Math and Physics, Pacific Union College, Angwin, CA, USA. The photoionization process in dense matter as well as in soft matter is strongly affected by the so called Intermolecular Coulombic Decay (ICD) that deals with how the quantum properties of the immediate surrounding area enhanced the ionization. It happens that a radiation yields higher ionization rate for energies that match the excitation level of one or more of a nearby molecule or atom like if the resonance characteristics of the photoexcitation is transmitted to the photoionization process. Indeed, that nearby molecule or atom will strongly absorb the radiation due to resonance without being ionized. However, its subsequent radiation decay would ionize the molecule or atom with weaker ionization energy (IE). ICD occurs almost everywhere and is steadily affecting us. The study of ICD in biomolecule is still sparse despite its importance [citation] . We are investigating the role that ICD may play in the photoionization of DNA. UVC wavelength that are generated by the sun in the 100-300 nm or 4-12 eV range have enough energy to excite some of the nucleobases and to ionize others, thus they favorite photoionization via ICD. If those UVC are not blocked, like in the area where there is advanced ozone depletion, they will cause DNA damage due to the ICD higher ionization rate. Consequently, the DNA coding process and the DNA replication will be abnormal, resulting into mutation.
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Dynamics of Large DNA Loops Zubair Azad, Robert Riehn. Physics, North Carolina State University, Raleigh, NC, USA. Dynamics of Large DNA Loops Long range interactions between genetically distant regions of DNA (>10 kbp) are not governed by the elastic energies of bending and twisting of DNA, but rather by entropic forces. Furthermore, such large scale interactions are mediated strongly by the excluded volume interactions of DNA and proteins of the cellular environment. It is not clear how these interactions locally couple to variables such as temperature, salt strength, pH, etc. in nanoconfined volumes where the monomer density of DNA is comparable to that in the cell nucleus. Using a nanofluidic device, we manipulate fluid flow to drive DNA into large loops, on the order of kilobasepairs, in a range of buffer concentrations and protein backgrounds. By analyzing the dynamics of the loop formation, steady state fluctuations, and deformation, we quantify an energy landscape. We can use this energy landscape to characterize activation barriers for proteins to form DNA loops. Once these activation barriers are overcome, we can test for enhancements in the loop elongation rate due to proteins. In addition, we can test for arrested states caused by proteins binding to specific sequences. 3 Biophysics, Johns Hopkins University, Baltimore, MD, USA. G-quadruplex (GQ) is a noncanonical secondary structure that forms in G-rich sequences of DNA or RNA. GQ has been implicated in gene regulation and human diseases, yet its biological role is still unclear. We sought to investigate the folding propensity of potential GQ forming sequences and measure the GQ folding strength in a systematic and quantitative manner. We prepared over 400 GQ forming sequences by modulating the loop length and sequence composition within the context of [G3 N G3 N G3 N G3] where ''N'' represents the loop. First, we used the induced fluorescence of N-methyl mesoporphrin IX (NMM) (1) to quantify the parallel conformation of GQ folding in both single (ss) and double stranded (ds) DNA. Second, we established DNA polymerization (DNAP) assay in which tight GQ folding inhibits DNA extension. The folding stability measured by DNAP showed a high correlation to the NMM fluorescence observed in ssDNA, suggesting that parallel conformation is likely responsible for the GQ folding strength. Third, we employed in vitro transcription assay in which mRNA synthesis is detected in real time. Taken together, we provide quantitative biochemical and biophysical platforms to profile GQ folding sequences in DNA and RNA. 1. Kreig, A., Calvert, J., Sanoica, J., Cullum, E., Tipanna, R. and Myong, S. Baylor College of Medicine, Houston, TX, USA, 4 Arizona State University, Tempe, AZ, USA. A top-down computational design framework is presented to program synthetic DNA to self-assemble into a diverse array of 3D particles of prescribed symmetry and size on the 10 to 100 nanometer scale. Single-stranded DNA serves as a scaffold to span each arm of the particle, which consists of two parallel duplexes joined by at least one anti-parallel crossover to ensure structural rigidity. This design approach allows for high structural fidelity and quantitative synthetic yield. Minimal top-down, geometry-based sequence design, which uses input target nanoparticle size and shape to generate automatically optimal oligonucleotide sequences for structural synthesis, is explored together with folding characterization and thermodynamic modeling to optimize particle yield and stability. Experimental characterization of self-assembled structures using gel electrophoresis, atomic force microscopy, and cryo-electron microscopy indicate high folding yields and high structural fidelity of target particles folded in diverse media that include magnesium-free and cellular buffers.
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Staple-Free DNA Self-Assembly Sakul Ratanalert 1 , Mark Bathe 2 . 1 Chemical Engineering, MIT, Cambridge, MA, USA, 2 Biological Engineering, MIT, Cambridge, MA, USA. Scaffolded DNA origami uses a single-stranded DNA scaffold that spans all duplexes in a target nanostructure to hybridize with shorter helper staple strands using anti-parallel (DX) crossovers to stabilize the target geometry. While this design approach is powerful for achieving high-yield folding for diverse target structures, it is limited to contain crossovers that are spaced a minimum of ten base pairs apart and requires the use of numerous staple strands that limits both the minimum size of structural motifs and control over single-strand stoichiometry to achieve proper folding. In contrast, parallel (PX) crossovers have been used to achieve higher crossover density with 5-6 base pair spacing, eliminating the need for numerous helper strands and enabling higher rigidity nanostructures. Here, we explore application of a top-down computational approach to generate sequence designs for thermodynamically stable 3D wireframe structures that exhibit kinetically favorable folding properties, verified using experimental characterization.
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